'TEST REPORT FOR
JET PROPULSION LABORATORY

= MINJATURE TRANSFORMERS -.
- PROCEDURE 902.35-0: .
o USUBMITIED B¥TTT = B :
DRESSER  HST
ENVIRONMENTAL LABORATORY -
\\\

This work was performed for ‘the Jet Propulsion 14horatory,
California Insti of: Technology, pursuanl tou a Subcontract a
issued i r. Pris ontract NAS7-100 between the California
Institutesibf Technology and the United States of America

‘reprasented by the Natiomal Aeronautics and Spac. Administration,




Final Report.
on iz
Tés;ngsgfa§ “V“ 
%02.35-01

B - == _‘- | 65 '

by;

Author Charles E. Smith

on

_ Contract Number __ 950893

-

~ Job Number 249

—

|

: - o 7 o
Approved by ; géfgﬁ;xk{;
: A i . ]

DRESSER-HST
555 N, Fifth Street
Garland, Texas

o




Abstract

This report contains the esults of tests performed on a group of
miniature transformers listed below. Tests were performed per JPL Test
Procedure No. 902.35-01: Test Specification, Electronic Component Parts
Reiiabiiity, Ttansformer Minlaturo, dated March 13, 19b4.. B

H&ﬁﬁf@#kﬁi?rﬁfmf fﬁahuf&ttuférePargﬁﬁo;{f- kguantitzvi7

Microtran OPMI7-M 15
Triad . ses | 15’:
Triad ' SP«66 » 15
ute ' DO-TI0 - 15

gl¢ DO-T36 15

The parts were divided into three cétéédriesi.f

2.0y . s.0Hy |

UTC DO-T36 fv . Microtran PM7-M

Triad SP-5

The‘pﬁrpose of the test program was to qualify the above parts, and

to estahLLsh their reliabllltv with respect to vendor type and/or environ-

ll‘nits were serialized from 1-15 and d1v1ded into three Eroups.‘
Transformers with serxal numbers 1-3 were placed Ln Group 1. Transformers
from ¢—12 Were placad 1n Group 11. Transformers numbered from
l3~15 wgfe placed Ln Group IIIL. The test sequence ‘was performed in ac-
cordance with the flow chart on next paae.f These tests were' performed in

accordance with the appllcable paragraphs of JPL Spec. 902 35-01.




pom = Llemiiian —

Group T

N T T

. Frequenmcy
Response - -

M|

| Visual and Mechanical Examination

Plow Chart -

oo o e

— e o e st g 1 e

t

i
1

Group IT |
Ser. No. 4~12 .

| shock

{ Vibration

[

i Moisture Resistance

M i Mo
{“ Temperature Cycling ‘ !

M| s

M s

N I N A

..... - e g

M S

e il = A A ot

M = measurement data point

S = gsubmittal p int io c ﬁéle e S'(C uté
. §§%&13§iﬁs gﬁeet ngoigsei?gmigﬁed.1gm§oun"

cover.

by

[ High Temperature Life| ‘-

Final Measurements

—— {

-

Groixp 111 :
Ser- No. 13-15 § 2

’ ,._i_...:_]. SRR ',»__w.‘, o
TR TS

" Solder Dip and "
g'Lead Bend & Twist

i e

'

~

=y . 7

i

e

*




Brief results of each electrical measurement péinf_are iiétgdwbeldw. 

Initlal Eleccrlcal Measurements
One each of Microtran PML7-M and Triad SP-66 failed the Dielectrlc ;
Withstanding Voltage test. One unit of Triad SP-66 had a small crack

on one side,

Frequenpy Resgonse

All units ShOWed satisfactory results.

‘Solder Dgg :

The insulation on leads of the UTC units melted, further

testing of this type discontinued. Microtran and Triad

units had satisfactory coating.

Lead Bend and Twist

Three units of Microtran PM7-M failed twist test. , .
Three units of Microtran PML7-M failed twist test. . LM G
_7. | ¢ : . ‘ "

No evidence of physical or electrical damage. - :

Vibration
No evidence of physical damage.
’ _bne unit of UTC DO-T36 had 4K megohms on Insulation Resistance

Between windinés;

Moisture Resistance -

All Triad units had evidence of slight corrosion on Leads;.'ﬂo
evidence of any other physical damage. :

One unit of Microtran PM?-M, two units of Triad SP=3, seven units
of UTC DO-TlO, and 6 units of UTC DO-T36 had low insulation'
resistance (1968 than 6K megohms).

Two units of Microtran PM7-M and»threé units of Microtran PM17-M e
"failed the Dﬁelectric.w1thstan§ing Voltage Test.

&




i Temperature Cyclzng

#56 tape,

Temperathre Life

after 1500 life test.

" Summ. z :

-

LHiérotfén ,‘Sef. No.
PM7-M 013
014 .
015
002

008

012
PML7-M 003

013
014

bottom ‘of the unit at outer edge.

of unit, ‘near top of the can. '

- One unxt of UTG DO-TIO had a yellaw Substance come out at the :

One un1t of UTC DO-T36 ‘had a light brOWn subatance come out on side
Substance appears to be uncured im-

pregnation. No evidence of any further physical damage.

-

One unit of Triad SO-66 had Open secondary on DCR after 168 hour life
test. Onme unit Of Microtran PML7-M had lead break off during 1000
hour life test;}TOne unit of Micr¢tfan PM7-M had lead break *off dur-
‘ing 1500 hour life test. One unit of UTC DO-T36 failed on inductance

.No evidence éffany further physical damage.

of the 90 units that began the tests, 17 failed to complete tesxs.

These units and probable cause of failure are listed below.

Failure
Open
Open
Open e | .

Dielectric
Withstanding

Dielectric
W1thstand1ng

Broken Lead

Dielectricu_.
Withstanding

Opgn
Open

Substance appears to be uncured




~ Microtran

" Ser. No.

015
005

008

010

00‘21

Ser. No.

006

001

Ser. No.

*Withstanding
- Broken Leéad

Failure
Open

Dielectric
Withstanding

Dielectric -
Withstanding -
Dielectrie

Failure -

Dielectric

‘Withstanding

Open

Failure .

Inductance
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1 0 Introductlon

This report covets results of Quallflcation Tests performed by
Dresser~-HST Environmental Laboratory, 335 N. Pifth Street, Garland,
Texas, on parts supplx;d by the Jet PrOpulslon Laboratorxes, 4000 Qak
Grove Drive, Pasadena, Caleornla.’ 4

The tests performed were thosé deflned in JPL Specificatlon 902,
35—01 Test Spec1f1cation Electronic Gomponent Parts ‘Reliability, Trans-
formers Mznxature, dated 13 March 196& The test perlod extended from
September 1964 to April 1965.v Results obtalned by the tests are. not
intended by the tests facxllty to specify either acceptance on none-
acceptance of any particular part. Results given must be we1ghed with
the desired reliability for a particular application for which the part

is to be-uged;
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3.0 DescriptiOU;offTésc_Prdgram

3. 1 Test Design AR ;:_  v v ”'v -

“.The test program requlred 90 units, 15 of each manufacturer s part

,type; Each unit was ‘serialized from 001-015 and catagorlzed 1nto
;three grcups.

GrOug I = Control Group~ Nos. 1-3 -
Group I1 - Climatic Group - Nos.- &-12 :
. Group III - Physical=Climatic Group = Nos. 13-15

The flow chart on Ehe next page depicts the tests performed on each
group and the measurement points.
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3.2 Measurement Procedures ‘ \" }f~?jj~

3.2.1° D. C. Resistance R

3. 2 1.1 Test Equipmcnt
Clmron ngxtal VOM Modcl 7200A, Ser1a1 No. 3037 Accuracy -.02%.‘

o _3 2 & 2 Procedure (Ret. Para. 4.2.2. 1 and 4.5.1 of JPL. Spec.- 902, 35-01)

nits uare ‘tested at ncrmal room temperature of 60° 7#’!. con-«

ectxons were made by a clamp1ng fixture and measurements made and

recorded,to five (5) plac;s.

. L A
3.2,2 Primary Inductance

3,2.2.1 Test Equipment
Clmron D1g1ta1 VOM Model 7200A, Serial No. 3037, Accuracy +.02%;
ESI Brldge Model 250 =DA, Serlal No. -0010 Accuracy +32, Sensitive

Research Milllammeter, University Model, Ser1a1 No, 1035, Accuracy
- 21% Heath Audio Srgnal Generator Model AG-10, Serial No. 0865,
' Calxbrattd to w1thin *2Ec's”on each use, =

€

3 2.2, 2 Procedure (Ref Para. 4,2.2.2 and 4.5. 2 of JPL Spec. 902 35-01)
e The unlts were mounted in a test fixture and inductance was measured
at 5V rms, 1000 cps with the D.C. current specified in Table II of
JPL Spec. 902.35-01. Primary Inductance was measured across the

total winding and recorded to four (4) places.

L

3.2.3 Turns Ratlo (Pri Sec)
3.2.3,1 Test Equipment ,
_Cimran Digital VGM Model 7200A. Serial No. 3037, Accuracy +.02%;
Hewlett-Packatd Andxo Signal Generator Model 200CD, Serial No, 1088, .
- ACCuracy +2 cps ‘Beckman Counter Model: 71508, Serial No. 0240;
| Hewlett-?ackard VTVH Model 400H Serial No. 0846, Accuracy *3%;

Hcath Decade Resistance Box Model DR-l Ser1a1 No. 0629 Accuracy

*1%. :
3.2.3.2 Procedure {(Ref. Para. 4.2.2.3 and 4.5.3 of JPL Spec. 902,35-01)

A potential of 10V rms at 1000 cps was applied to the specimen pri- -

mafy with the secondary unloaded. Primary and secondary voltages




were meascrgé“éhtee (3) times. The turns ratio was then calculated
using the averages of the voltage measurements with a secondary value
of 1.,00. o

¥

> . : '

©3.2.4” Center Tap Unbalance -

: 3 7, 4,1 Test Equzpment

3.2.5 InShlation'Resiétance i

: Equlpment used was same as for Turns Ratxo test, see para. 3 2 3.1
of thxs report

3.2.4.2 Procedure (Ref Para. 4.2,2.4 and 4.5.4 of JPL Spec. 902 35-01)
A potential of 10V rms at 1000 cps was applled to the primary with
'the’secondafy loaded as per Table,II of JPL'Spec. 902,35-01. The
voltage induced in the two halves of both crimary and secondary wind-
ingé waé measuted”three (3) times and the average reading;was‘calcu-
1ated and recorded. The percentage of unbalance was then galculated
as follows- o B o h |

c.ru. = 2252 x 1002

: El
’ ?whete E} is the larger

3.2.5.1 Test Equipment

Industrial Instruments Megohmneter Model L-7, Serial No. 0194,
calibrated before each use to 47, '

3.2.5.2 Procedure (Ref. Para. 4.2.2.5 and 4.5.5 of JPL Spec, 902.35-01)

The unit was held securely ‘on two sides by a metallic clamp which

served as a connection p01nt for One side of the potent1a1 during

g

tests betwaen windings and case. A potentlal of 100V D, C. was. ap-

fplled for a minimum of 3Q seconds between windlngs and between Wlnd-
lngs and case. :

3.2.6 Dielectric Withstanding Voltage

3.2.6,1 Test Equipment -

Assoc1ated Research Test Set Model 412, Serial No. 0182, Accuracy £3%.

3.2.6.2 Procedure (Ref. Para. 4.2.2,6 and 4.5.6 of JPL Spec. 902.35-01)

A 60 cycle test potential was applied at a rate of 100V rms per second




to the value spec1fied in Table II of JPL Spec. 902, 35-61 between

cach winding and between windings’ and case for a period of 15-20
‘seconds, - A metallic clamp was used to insure good contact with
twO Or more surface areas of the case while testing dxetectrlc

‘strength between windlngs and case.‘ e

.3.2.7 FréqﬁénCyrReéponSé{‘

3.2.7. 1 Test Equipment o 8 S

.Hewlett -Packard Audjo Signal Generator Model 200DC, Ser131 No. 1088,
Accuracy +2cps; Beckman Frequency Counter Modol 71508, Serxal No, =
0240; Hewlett-Packard VTVM Model 400H, Serial Nos. 08&6 and 0847,
A”curacy +3%; Hewlett-Packard Oscilloscope Model 122A, Serial No.
0648; McIntosh Amplifier Model MI-73, Serial No. 1179; Heath Decade
Box Model DR-1, .Serial Nos. 0149 and 0629, Accuracy +1%.

3.2.7.2 'Procedure (Ref. Para. 4.2,2.7 and 4.5.7 of JPL Spec. 902, 35-01)

The? load resistances for the various parts were assembled usmng car-;"

vfbon resistors and
ances were uSed for initlal and all subsequent measurements, The
secondary w1nd1ngs were then loaded with the specified resistance
and a 51gnal generator output at 1000 cps (Es) was applied and in-
creased Lo.produce the desired secondary voltage (Vy) as specified
in Table IT of JPL Spec. 902.35-01. The measured Eg was then taken
as the O db reference level, The frequency of the signal generator
was then adjusted to .3K, .5K, .75K, IK, 5K, 10K, 25K, 50K, 75K and
' 100Kicps. At each new frequency the Eg was adjusted to provide the

'tequirgd secondary voltage and the value of Es was recorded. Distor=-

ca cu ated 1nvdb using Es as a reference voltage and recorded changes

in Es at frequencies ment ioned previously and the formula:
db = 20 Iog Ef

where: Er = ouﬁpbt reference voltage at 1000 cps

Ef -woutpﬁt voltage at specified frequency,

‘_Leéds & Northrup Wheatstone Btidge‘ These resist-

s obsarved on a dual trace scape. Frequency response was then S

it
5
E
4
i

1
&
1



3.3 Environmental Test Procedures . = e e R T R e

3.3.1 Solder Dip = IR S | ‘
3. 3 1, l Test Equipment'

: Gtay Iustruments Potentiometer Model E3067, Serlal No. 0813, Accuracy
;u.OS MV, Solder Pot, Dee Electt;c Co. Model 12; 300 watt HST Envir-

: goo & ‘onmental Lab Solderability test fixtute (a motor driven dipping de- |
e 7 vice designed per figure 208-1 “Method 208A, MIL-STD-ZOZC) : . .
L 3.3.1.2 Procedure (Ref. Para. 4.2. 4.1 JPL Spec. 902 35-01) \ N
The solder pot was malntained at a temperacure of 350°C £10°C, The .

units were attached to the dlpplng device and the motor speed ad-
justed so as to immerse the leads into the solder to within 1/4
+1/16 inches of the body aﬁd aliowed to dwell in the solder for 3-
seconds.. The units were then removed from the fixture andkexémined'

‘for-gcf;ehiﬁg’offfhe insula;ibn material and other possible damage.

3.3, 2 Tarminal Pull and TWist
3.3. 2 1 Test Equlpment

Five pound Healthways Weight Certified 10-29-58, Accuracy *1 oz.
3.2.2.2 Procedure (Reference Para. 4.2.4.2 JPL Spec. 902.35-01)

(a) Tefminal pull - The transformer body was attached to a fixed .

point and as pound weight was gradually applied to the end of

_each ﬁire'lead:in a 1iné along the longitudinal axis of the lead.

Thls weight was maintained for a minimum of 10 seconds.

(b) Terminal tw1st - Each unit was clamped in a f;xed posxtlon and

its leads were bent to an angle of 90°* 1/4 of an 1nch from the trans-.'

‘ former body, Each lead was then rotated f1rst ClOClebc and then

- counter-clockwisL 360° three times. At completlan of tests all units
were 1nSP€CKPd for physical damage. DCR and IR were measured and re- s

corded upon completxon of these tests.

3.3.3 Mechanical Shock

3.3.3.1 Test Equipment




AVCO Shock Machine Type SM-020, Model 1, Serial No. 1009, Columbia
Research Lab. Cathode Follower, Model #4000, Serial No. 1516. Endev-
co Accelerometer, -Model 2215, Serial No. AJ0O. Tektronix Scope.Type
545, Serial No. 13412. ’ S

3. 3 3. 2 Procedure (Rnf Para. 4,3,2 JPL Spec. 902, 35—01)

The parts were rigidly mOunted on an alnminum test fixture and sub~
'3?jected to flve shock blows in each of thtee dlrections. 09&;5%1%8@~‘
~(5) in the longitudinal axis of the lead. One series (5) in’the‘re-
verse diréction'of‘thé above‘seriés. One series (5) in a plane per-
péndicular to thé axis of the above two series. The units were non-
energized during the test. Primary Inductahcg, IR, and DCR were

measured and recorded upon coﬁpletion of the test.

3.3.4 Vibration
3.3.4. 1 Test Equipment

M B, 3500 force Lb: Auto Cycle Vlbratlon System
(a) M B, Exciter, Hodei c- 25*3, Serial No. 462
(b) M.B, Amplifier. Model T666 Serial No. 214
.(c)~M;B¢ Qpntrolvconsolg, Model N572-73, Serial No. 288

3.3.4.2 Procedure (Ref. Para. 4.3.3 JPL Spec. 902.35-01)

The units were rigidly mounted to the same fixture used for the shock
test and were subjected'to a vibration having a sinusoidal wave.with
ﬁeak amplitﬁde of 20g's. The frequency was;varigd ﬁrom 30 cps to
2000 cps and back to 30 cps in twenty minutes, This cycle was re-
kpeated flve times in each of two axis. One axis being the longitud-
”inal ‘axis of the leads, the other belng along an axis perpendicular
’fto the above*axis.f The units were non-energlzed. ~ Primary Inductance,

IR, and ‘DCR were measured upon completion of the test.

Moisture Resistance

3.3.5.1 Test Equipment

Conrad Temperatgré Humidity Chamber Model PD-36-3, Serial No. 7150,
3.3.5.2 Procedure (Ref. Para. 4.3.4 JPL Spec. 902,35-01)
< F— . :

e



This test was performcd per MIL—STD-ZOZB Method 106~-1 The’tréns—'ﬁ
formers were sub;ec;ed to ten contlnuous ‘24 hour cycles as shown by
M.R,_ charts in appendxx. No polarizxng voltage was applied. The
transformers were- ‘mounted on a nylon mesh streched across an alum-
inum chassis. Primary Inductance, IR, DGR, Turns Ratio, and Dielec-
tric Wxthstanding Voltage measurements were made upon completion of

test»

3.3.6 Teﬁperature Cycli@g

3.3.6.1 Test Equipment

Two Conrad Temperature Chambers Model FB-32-3-3, Serial Nos., 7669 and
7670. ST : : : .

3.3.6.2 Procedure (Ref. Para. 4.3.1 JPL Spec. 902,35-01)

4

: . 0. +3° o +0°
The temperature chambers were set at =55°C -0°ra“d 125°C_ 30 Te"

spectively. The non—energized units were then subjected to five

conthuOﬂs cycles.‘ One cycle consisted of:

§5‘£ l1 :f'jTeméérature - Tlme at Temperature
;_,7 | -55° ’ 30 mlnuteSv
2 Kaom 5 minutes max -
3' +125° c 30 minutes
& ’ Room 5 minutes max

Upon completion of test the unlts were allowad to stabilize at
room ambient ove:n1ght. Primary Inductance, IR, and DCR were

then measured,




¢

3.4 Life Test‘Proéedures

3.4.1

Test Equipment ' . S
Blue M Oven Model POM )886C Serial No. PA&13 Cimron Digital VoM
Model 72004, Serial No. 3037, Accuracy =.02%; Industrial Instru-

‘mEnts Megohmmeter Model Le7, Serial No. 0194; Bewlett—Packard 0Os-
lhilloscdpe Model 200CD, Serial No., S-0055; Beékman‘Frequency Counté?
}nodex 71508, Serial No. 0240; ESI Brldge Model ZSODA, Serial No.

-0010 Accuracy *1%; Sensitive Research u1111ammeter, Univers1ty

Model Segial No. 1035, Accuracy *1%; Cimron OHMS-DC Converter,

Model 691}A, Sprxal No. 0904: Cimron AC-DC Converter, Model 6701A,
Serlal No. 0902,

3. 4 2 Procedure (Ref. Para. 4.3.5.1 JPL Spec. 902.35-01)

-]
The oven was stabilized at 105 C+2°. The units were divided into
two groups., Group I consisted of the 0 ma D.C. units (Mlcrotran
PM7-M, Triad SP-3 and UTC DO—T36)' Group II consisted of the 1 ma -

D.C. units (Microtran PMI?-M, Triad SP-66 and uUTC DO-TlO) The non-

_~enetgiz;d units were mounted on a fiber glass mash and placed in the ‘

oven. ~ The llfe test consisted of 200@ contxnuous hourb at th1s temp-b
erature, with the exception of the data measurement points at 168,
500, 1000, 1500 and 2000 hours. The schedule was arranged so that
the data measurements were recorded withinran eight hour pefiod.

When thé units were removed from the oven foi'measurements, they

were allowed fo st;bilize at room ambient (25°C) for 2 hours before

the tests were started. Approximately five hours were required to

‘Complete the teésts., The seven hours spent out of the oven were

counted as part of the 2000 hour total. Measurements made at each

,;ﬁpe;iodlygre Primary Igductance,uIR and_DCR.?'.

3.4.3 Final Measqrements

Upon completion of the 2000 Hour Life Tests the units were again

tested for DCR (primary and secondary), Primary: Inductance, Turns

Ratio, C.T.U., IR, Dielectric Withstanding Voltage, and Frequency
- :

Response.




3.5 Data Recording and Verification Procedﬁres

3 3.1 Recordlng of Data

All data were recordcd manually -on JPL Form 1494, The recorded data
were revxewed by the Project Hanager after each meaeurement point;
. all trends, fallures, etc, were watched closely for possxble errors I

.‘in recording. This 1nformationn _essed onto IBM data

cards by CEIR, Beverly Hxlls Callfornxa.'

3}5.2 Verification Procedures. . . : ’

The same clectrical test equipment was used throughout the test

program in order to exclude possible ertqrs in electrical measure-

_ments that would arise from ﬁsing different test equipment. After
‘each,measuiementbpoint of a grou§, a random sample cqual to 5% of

thea groﬁp“wéﬁ téken by a technician, other than the one who made

the Lnitla"measurement, and this sample was retested by the sec-?~

ond erlfy the first technician s recordings.-

The

order t

second techn1c1an als}'checked out the test set-up for correct-

ness and conformance to the previous test ‘set-ups. After all data

were recorded and verified by the technlcxan, the data were reviewed
by the Pro;ect Hanager. This review included a comparison with
previous test readings, limits of parameters, neatness and legi-

bility, and correctness of data heading.




3.6 Failure Veriflcatloﬁ and Ana1y515 Procedure Lo

o 4

*All 1nternal

btlng compound by hand; under the microscoPe. Photographs of fail-

Whenever a failure occurred the Pchect Hana5er performed a,reggst

“ ]

to verlfy that the part, or parts, were actual failures. 1If and -

when the failure was verified the part, and all pertinent infor= f

‘mation relatlng to it, was placed in a_ sealed envelope. Each fail-

ure, by group, code, and setxal number,fwaq_noted in. the log book
along with the cause (if knawn) of the fa. !t\:n»t'ta,..w Each failure was..
subjected to.a detailed failure analysis by the PrOject Manager,

who was very familiar with the constractioa apd manufacturing

methods of the part, and w1th the test equ1pment used in the fail-

ure analysis,
Equlpment avallable was:
'(15 7X to 120X Mic;osc0pe.
(2) Hi Speed Roto-Tool and small drills.
(3) Eleccronic Test Equipment of various types.
(A) MiscellaneOus hand tools.

_ilures were carefully analyzed by remov1ng the: pot-

ures were made {usingua Bausch & Lomb Mudel N Camera with Polarotd

back) along with a detailed written explanation of the cause of

failure.




4.0 Test Results

“

4.1 CatastrOphic Failures, : i; T <

For the purpose of this report, a catastrophxc failure shall be de-\
fined as ~-‘any ‘transformer exhlbltlng an. open or shorted COndlthﬂ
or IR valuev

of less than 10 megohms,, (Referﬂnce Para. 4 356”23JPL |
7Spec.‘902 35-01)‘ The listing below is atranged by group and test

point with all failures noted after each test point, *

[y
Wi ad L - \ i N
4 L - b :

4.1.1 All Units ,
’ A. Visual and Mechanical InSpection

1. Trlad SP-66, Serial No. 014 had small crack on side of

: unlt. »
’3. Initlal Electrical Measurements
R ‘Mlcrotran PM17-M, Serial No. 003 failed Dielectric With-

-standing Voltage,test, In;ernal inspgc;ion revealed an

insulation breakdown between4windings;"~”

- 2. Triéd SP-§6, Serial No. 006 failed Dielectric Withstanding

Voltage test. Cause of failure undetermined, ' .

4.1.2’icroup‘0ne -~ Serial Nos. 001-003

A. Frequency Response - None
B. Shock - None |
C;"Vibration - None
iD; ?Moisture Resistance;v~‘ :
"fiI. fMictetran PM7-M, Serial No. 002 failed the Dielectric With- *
' standlng Voltage test., The’ unit failed at 220V. An internal

lnspection revealed that the lnqulatlng tape between primary
and qecondary was stretched too tight and the wires cut thru.
the tape. ‘

E. Temperatute Cycling - None

P; High Temperature Life

. 1. Triad SP-66, Serial No, 001 showed an open on Secondary o -

~ DCR after 168 hour life., Cause undetermined, ; P

.




4.1.3 Groukawo - Serial Nos. 4=12
A. Shock - None -

B. Vibration.- None

Do - »
s . 'y

C.  Moisture Resisténce‘ , ;
1. Microtran PM7-M, Serial Nb.iOOB failed DieiéctrinWith~
: .stand1ng Voltage test, The unlt failed at 50V,
V 2; chrotran PMI?-M4 Ser1a1 Noﬁ 005 008 and 010 fa1led
: Dielectric Withstanding Voltage test The units falled at::

approxxmately 275V. _
’D;; Temperature Cycling . A .

- ~ 1. uTc DO-TIO, Serlal‘No. 006 had a yéllqw substahceyéomelbut | A
| at the'botﬁom of thgyunit at outer edge. Substance believed )

to be uncured #56 tape. The unit was still functional ani 

was not' classified as a failure. .
2. UTC DO-T36, Serial No. 00l had a 11ght brown substance

' come out on side near the top of the can. Substahce

believed to be uncured impregnation. The unit was still

O functional and was not classified as a fallure. _

3. UTC DO~T36 Serial No. 012 had one half of oreen secondary

’ lead to break off (due to handllng) durlng DCR measurement
The unit was still functional, was not classified as a fail-
ure,;and,remalned on test.

E. High Temperature Life
1. Microtran PM17-M, Serial No. 007 primary lead (terminal #1)
' . broke off during primary inductance»moasuremeﬁts on 1000

“hour life test,

 2;;?Eicrotth‘PM7-Mk Ser1a1 No. 012 had lead (termlnal #7) .

-'break off durlqg 1500 hOur life test.

. e

4.1.4 ‘GroQE Three -
CALL Soldér Dip - None
A.2 Lead Pull,andrrwisc
1. Microtran PM7-M, Serial Nos. 013, 014, and 015 had disconti-
~ nuity between terminals 7 and 5 and 5 and 6, units had con-

tinuity between 4 and 6.




B.
C.
D‘

,E. .

F.

‘Microtfan PMI7-M, Serial No. 013, terminal #3 pulled loose,

but d1d not SPParate from’ case, discontinuity existed betwaen
terLnals 2 and 3, 4 and S and 5 and 6.
Microtran PMI?-M, Serial No. Ol4, terminals #2 and #5 falled

, L
pull and twist test, (Spearated from unit.)

_Mlcrotran PM17-M; Serlal No. 015, termlnal #2 pulled free
ﬁfram.unit, Had discontlnuity

twaen termiuals 4 and 5 and

5 and 6,

Shock - None

Vibration - None

~Moisture ResiStancp‘—ﬂNone

Temperature Cycling =- ‘None .

High T;mperature Life
i I‘.

1500 Hour Life - UTC DO-T36, Serial No. 014, failed Primary

Inductance. Could not sét up proper input voltage level.




'4.1.5 Summary Chart of Catastrophic Faiiﬁreél
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4.2 Parametric,Failﬁres

Parametric failures are defined as follows: (Ref. Para. 4.6.3,
4.2.2 and Table I of JPL Spec. 902.35-01) ! .
(a) DCR (pfiﬁary ard secondary) shall be t25% of value'in- S
Table I.’«_ .
(b)‘Primary inductance shall be nct Iess than the value in
. Table 1. e , Ry
4,(?) Turns Ratio shall be within +51 of value in Table I.
b(&) C.T.U. greater than 5%,
(e) IR 1ess than 10 X Megohms. .
(f) Dielectric Witnstanding Voltage - as per Table I.
(g) Frequency Response shall be +5 db from 200 to 100,000 cps.
(h) DCR change greater than 5%
(i) Primary Inductance change greater than 15%.
: (j) Turns Ratio change greater than 1%.
‘(k)‘IR meaéurement léss than 117 Megohms.

4;2,1«_Vi5ua1 éﬁdiﬂechanica} ka

&,Z.I‘L‘bPhysicalﬁéppeatancél

One unit of Triad $P-66 had small crack on one side of unit, however
the unit was electrically functional in'all respects.
Nomenclature and 1eg1b111ty of all units was acceptable,
4.2,1.2 Phy51ca1 Dlmenalons (Ref. Para. 4.2.1 and Table I of JPL Spec.
902.35-01) -

‘ No phy51cal tolerances were glven although it ib assumed that they

v do exist.ﬁ

The follow1ng 1lst1ng glves the mln, mean and max physical
each unit type ST - ‘
| cah PM7-M - .465 x4.401 x .310°

.465 dimension - .457, .462, .466

.401 dimension - .401, .404, .409 ‘ :

.310 dimension - .303, .304, .305
2. Microtran PML7=M - .465 x .401 x .310

.465 dimension - .454, .461, .463 .

.40L dimension - .403, .405, .407

.310 dimensian = 303, .3044, .306 .

. . e :




3.

'.aes dimension - 461, 4635 ,421:

Triad SB-5 -'.455 x 401 x .310
.465 dlmensxon - 460 461 .662
401 dlmension - .398 q1399, .401
.310 dlmeasion - .301, .303“‘,367
Triad sP-66 - .465 x .401 x L3100

éOl dimehsion =391 37, 401
.310 dzmenSLOn - ;éﬁé; .302 .3067”3 i b
UrC DO-TIO - .407.x 312 - I N

407 d1men810n - .481, .503, .535 |
.312 dimension = .314 .331, .336
UTC DO-T36 - 407"x .312 ’ |
.407 dimension - .462, .480, .495

'.312’ dimension - .331, .:335,’ 346




4.2.2 TInitial Electrical Measurements

,;Ag Prlmdry DCE —»No fa1!hres i
3 Secondary hCR - No fa11ures =
ﬁé; Primary Inductance ; i , e .

: v‘ili- Microtran PM74M "3 units (202) below the minimum acceptahle-;

f'value--- R S ‘ |
 Serial No. jObsu' 013 of4

L Reading 25.38 24.00 25.84 ,

 ;2;,_Microtran EM17-M, 14 units (93.3%) were below minxmum |

A acceptable value.‘ ' '

vTrxad SP-S 4 units (26¢7Z) vere below ninimum acceptahle :

BN .

Triad SP-66, all pnits were below mlnimum acceptable value.v
]

m:;Tutns Ratio - Neo failures o : .
?;;Center Tap Unbalance.:j o g
»_LjAll units had a centet‘tap unbalance of less than 51.
»)if;Insulation ResistanceJ? No failures
G;-~Die1ectric Withstandiag Voltage
1. Mictotran PM17-H, Serial No. 003, failed. :

2. Triad SP-66, Serial No, 006, failed. (see Para. 4.1.1 of

A this report,)

- Ha Frequency Response - No failures, the following six pages are

; frequency tesponse charts for each vendor typc.
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"? 4,2:3;1

1 Groug ; SN

A 2 3 Parametrlc Failures by Group and Vendar as computed from the:
‘ Computed Statistics Sheets. (NOTE: All parametric failures
discussed in this sect;on are with respect to primary inductance,

Para. Code 03 and were below the m1n1mum acceptable value.).

Microtran rn?~x : 5 ,. ”
Mlcrotran PMI?-H . e

1. All units failed throughout entlre test cycle;
Triad SP-5 : R

1. Two units (66.7%) failed after the temperature cycling test

and afCer all subsequent tests,
Triad SP~6€ :

1, . All unlts falled throughout entire test éycle.

Mlcrotran PMZGM

: 1._70ne unit (11 1%) failed on initial measuremeqt. Serial No.

: 005 read 25,38 HY. PR .
2, Three units (33.3%) failed a%ter shock and vibration test.
. .Ohe unit (12;21) failed moisture resistance test, Serial
' No.4005 read 24.77 HY.

Two units (251) fatled after temperature cycling test.

,;5. Six units (757) failed 168 hour life test. , .

- 6. Seven un1ts (87 5%) failed after 500 and 1000 hour life tests.

A ;lfiiz_Five nnxts (62 51) failed after 1500 hcur life test. P
'8; Seven units (87. 51) fd11ed 2000 hour life test., o

Microtrau PM17-M :

1, All units failed throughout entire test cycle.

Triad SP-5 | N

1. Four units (44.4%) failed initial electfical.

2., Five uynits (55.6%) failed #ffer sﬁock.

3. Fouy units (44, 4%) failed after vibtation and moisture

v

R resistancet

R R I T T o T R T T R T T A S ey

L NPT I X w2 ¥
R R I R SRR ¥ 1 5 IO

:

}
X
]
3
‘

!




o
R . A

1. o units (66 7 failed Lattial electricai.

4, Pive units (55.6%) falled temperature cycle.
ﬁ5-

Triad SP-66' T
C 1.

"
Xl

All units failed throughout ehtirevtesﬁ cyclg.

Mlcrotran PMl?-M
"All: unlts failed 1n1tia1 electrical

Trlad SP=5 . .

1. One unit (33 31) falled throughout entire high temperature
H life test cycle. ‘ . AR .
Triad SP-66 St . | I

le ;All units failed throughout en;@réftestfqycle;

Six un1ts (66 7%) failed thrOughout remainder of test Cycle.‘r
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Descr;ption of" Parameter Changes with Envzronmental and Life Tests

Parameter thanges with env1ronmenta1 are shown' in two ways for
,eaSe of observatlon and analyszs, they. are: ‘
1. Parameter variations of each’ group, éﬁ a whole, with no

attempt to mode to separate part type¢ < H"';* :: o

B s

2 Parameter variations uffeach\pype within each group; gt

& 3.1 Paramﬂter Changes of a GV#EE

Taking each group as a whole, the éverage values of min, mean, ‘and
max for Prxmary DCR, Secondary DCR," and Primary Inductance were
computed from the Computed Statistics Sheets for each measurement
poiht' This 1nformation is presented graphically in order to fa=-
cilitate an analysxs of parameter variations induced by che partic-

ular. type of test cyclex
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- 4, 3 2 Parameter changgs of a ‘Type wlthin a Groqg

The min, mean, and max values, by group, for each measurement

flgures the following charts were made which graphically show

»7parameter changes for each component.type within a groap.

'point‘are shown in tke Computed StatistiCS‘Sheets. From these
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: 4 4 Reliability Estimates and (:ompatisons

o  4 4 1 Petcent of cataM1c Failures for e',ach and all En\viromnents;

{_‘wz 1 ._..zwr s B e

Eree 1 Freq : ‘ ﬂois Temp Hi Temp - o
g acturer _551: Ho.- Init Response Shock Vi,h Res Cycle Life Final
uicmtrhi} mu-u 33,3
rtad SP-S
'rriad B SP=66
U po-ri0

0 33 32

L= K~ R B G‘a

o 0 o o

o o 0o oo
[+
[¥%)
.»‘/

C0C O 0o O

© o o .o'_a.

0
o
0';
0

b2 Growp¥r -
o BT AT NI T Mois Temp. Hi Temp = - i
Manufacturer Part No. _Inft Shock Wvib. Res. C:ycle ' Life Fingl -
an’ pu3 S0 0 0 e o 12 sz?*’

0 33, 32 ‘ 16.7%

0
o o
o o o
Gy g
0. o

o
@ 0 © 0 0 g

.
o]
v

“a

443 srom 1;1

~ Manufacturer Part: N ;

~ Solder Dip e " Mois Temp Ei 'remp T
_ Init ‘Lead Bend Shock Vib Res Cyeleq Life Final

. 100%
0

: Hierntran L,

o o

My crotran i ’ :
N TR

e

.

© oo 0o v}
o 0 o o o. }

© o o'e 'c‘>v‘o"f?

L0
0
0
0

©133.30

© © oo @ d‘“‘"f;"%

0
0.
i
0
0

[+
o
.
0

0
0
0




4 4 1.4 AlI crgg (o

Hanufacturer s Part Ro _# of Failures | % of Pailures ]

‘Hic.rp;rqp m7—n o 6 ;
~ Microtran . PML7-M | 8
DO-T36 1

4 4.2 Petcent of Parametric Failures for each and a11 envircmments. .
| (uors The followiag tables are for _parameter code 03, primary '
'indnctance. There were no other parametric failm;es during

i

 test cycle) S T e .

T

‘, L Fteq L Hois Temp 1asan 500HR 100@13 lsooax
Hanufactuter Pzrt Ro, Init gggp Simck vn: Res Cycle Life Life _Life Life Final"

f"mcrotran "f'm-a 0 100% 100% 66.71 508 100% 1002 1002 100% 1001 100%
©+ Microtraa ROt 100%. wet"’woz 1001 100% 100% 1002 100% 1002 100% 100%
LN Triad ' sp-S 0 0 0 0 066,7%,66.7%66.7% 66.7% 66.7% 66.7%
| Triad  sP-66 100% 1002 100% 100% 100% 100% 100% 100% 1002 100% 100%
U P-TIO 0 0 O 0 0 0 0 0 8 0 0
' U Db 8 0 0 0 O 0 o0 0 o o o

"‘%“" e A Ho{s ‘Temp ~ 168HR 500HR 1000HR 1500HR
I »1: Shock Vib Res Cycle Life Life : L!.fe L;l.‘fe’ : Fim% ‘

" 7w 11,12 33.3% 33,32 u n st 5T 81.5% 87 sz 77.4% 1002
i ‘mcrou:an ,?f'mn-u 100% 100% 100% 100% 100% 100% 1091 1002 100% 1007
. Triad . SPeS  4h.4% 55 6% 46.4% 44.4% 55.6% 66.7% 66.7% 66.7% 66.7C 66. 71
Teiad C seesh 1008 1002 1008 ‘100% loon 1001 #00% 1002 100% 100
Ue - po-TI6 0 o o o o o o o o o
UKC . DO-T36 0O 0 0 6 0 o 0o 0o 0 o0

: L,Hic‘fétfﬁﬁ |
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.Zs 4*3 ‘:'Expanential Faﬂure Rat:e A I ,
‘ "Assuming an exponenti.a,l distribution of failures, the follwing table

j
+i2 : .Presents the catastrophic failure rate in percent per 1000 hours at - j
A ‘i90 60, and 50° percent confidence levels. The analysis was made using . 1
e a twc sided Chi Squate coufidence interval Where no failure occurred: s 1

- during Iife tesn, no analysis vas mde.

The exporxential fumtim 1.3 ﬂef ined as~ LR

£ (¢, 0) . 393 ?;: : <to?°

-o‘

'l'he two sided confidence interval 1is given by- g

21' iy o T TR

, *cma) i. (: *)(a.r) L
,,I":ls the accumu‘ t:e_, _='1'ife themof 3‘11 companents oa test.
T is formed by the equacion T= + (n - r) t, |

1 i.
r is the total. number of failures that occurred durlng the test petiod. :
n is the number of units tested ‘
tt truncation t:i.me (2000 hrs)

~fi 13 the number of failures aftet a given life test meaSurement.

,xi 1s the meam Iife test ti.me (in hours) for a given life test
) measutemenl: peint ’ : ’

o’xs given by_.‘ Ho o
e confidme 1eva1 - (1 ﬁ) 1002 :isn s :
f.'!'ar the exponen 1a gistribution the relat onslup be between mean -
j"life 9 and t:hé.failnre rate )~ is given by : : '
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5 0 Discussion of the

Test Results

All Microtran units that underwent the lead pull and twist tesc
 vfai1ed ‘An inturaal lnSpection of ‘these units revealed that the
pottlng compound was still soft and that the 1eads were not Suffi-

fciently anchored’ With this Ione exceptlan, 811 of the units ex~

k'}:hibited very good reliabzlixy both physically and electtically.
‘:fThe main objectives of the“test 'ro“ram (d_ _'determin 'patt re#
lliabmlity) was serxously hampere“¢hy cﬁe-&&cﬁ af usefui : ;
- obtained This ptoblem can be l#rgely attrlbuted to the :mall »
_number of units placed on test (15 from each. vendor) . - The only

speclman pecullarity that might have altered the test results was 7
the 1nab111ty of the Microtran units to successfully complete the

llead pull and twist test, further testing of Mlcrotran units in
Group III was not possible. ‘




(H”}itself and hence affected th"

Conelus Ons e _ _
The basic reSults of the test appear to be 1nconc1u81ve with respect
to establishing component reliability. The nature of the test was
.?Such that the units were subJected to excessive physical handlzng
wbich they'would net normally be sub;ecned to in clrcuit use.' This
handlxng produced fallures which_cannﬂt ﬁe attributed to the test
' th A modified

ﬁe‘results;“

'f;test program stresaing unlformi;y a:\testing procedures and min--fw

‘1m121ng external factors asaociated thh a testing program would
' yieId more accu:ate results.

Recbﬁﬁehda;iqns

Not applicable (Ref. JPL Spec. ZPP-2098-GEN para. 3.3.11)
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| fl 0 Cumputed Statistics Sheets :

Tbe computed statistics sheets ‘are under separate cover.j,_f*"

2 0 List of Test Equipment

o ' Calibration...v--
Sertai No. _.___:Dates &

“:Equiggggt

: ;iAccelerOmater 1  "Ende#§§7.“g
‘Auto Cycle T S LR
 Vibrator System MB o B R I R .

e Exetter v c25H a2 ‘9115/64 5
b Amplifler S - me6 " 214 ®- * 9msies
e. Comsole o . N572-73 288 9/15/647.'1

. Bridge . EST 250-DA . S-0010 B/24/e4 EE
N e 2" PR

~_ Cathode Foll

>>001umbia -
 Chamber, Humidity Comrad ~ ~  PD-36-3 7150 12/15/64
.. Chamber, Temp.  Conrad = FB-32-3-3  7669. . 9/15/64
2 f{’inf.VI LR : 7670 - 12/15/64
| i S | s S a/21/66
B Digical .o.x. _ Cimron 7200A.. . 3037 9/5/64
; R B S 12/1/64
Diode Resistance * Heath = - pR-1 . . .0629

w0 s

: Electronic Counter_hﬂegleﬁté,‘ o 542~b'i3 0665 jbf »8/10164 o
R e ;Pagkgzﬂ,g; SR e e 11/11/64-

L0019 . 7/10/64,

R PHE R L 1/1Mfes

* Milliammeter. . *vs:n%écive . University 1035 9/o/e4
. Research o T oo v 12/8/64 S

~ Oven - Blue M ~ POM-5886C PA4L4 - 9/15/64

Oven - Bemeo x DF-100/650-1 1006-1060  9/15/64

Oscillescope Tektronix 545 15742 - 8/10/64

DR TR ST 11/23/64 :

. Potemtiometer Gray Inst.  E-3067 18824 op2i/eh et

i
o
B




Boonton Radio

260

11730764

Calibfaied f’-{ S
used.

S
12/4/64 . -




3 0 g of'Irreg T
A review_of the tes ‘data revealed
‘ (1) ‘Page 014, ;measurement 05, mi value should be 898, 8, not 98, 8.

(2) Page 0625 measurement 07, theifiveAwax teadings should have

: o m takes 1n the CSS.

'fﬁ the dGCimal point moved one uniﬁ to the Ieft,_,5

S Correct1ons will be forwaxded when cempleted.l

8 Phonos and Chax
Photegraphs o"\c ta

, ﬁrcphit‘faikures are attachad to th‘he”c ase
Failure Analys SQRepofts,‘i, ' s T

‘,5;0"$ample Calculat%oas SRR e
’w:_S;II:Center Tap Unbalance (for a 1 1 “ﬂit)
B crui—Ti——El E2

- 7.66

db = 20 103(1 318)
fd& = 20 x 0. 120
.éb - .3



5' 3 Exponential Pa; u‘r/ Rate (for mz-gx,

lall grt)ups, at 902 level)

'f-"class__mark' ‘ failures R iifi
B0 hH T

: 8

334

. : Lo . x L : 750 .

. 1500 1000-1500 “. 1250  , | 1250 .

.-2000° 1500-2000 L 1750 ¢ ‘ a~

i SR R r-Z}:-l ﬁ x;fi- - 1250

oe¢°93
cqb .

T 1250+ (9 - 1)2000
T= 1250 + 16000
T= 17250 { 2T = 34500
. ' e r=1

e 34500 R 34500 SR TR e R :
Xa (, < -z* . e

34500‘  ' _34506
.9_..1;83-:—,,-.'_ ( ° < .103 o

*

L e F

';ém;izga < A« ‘.0002?5

( 33495 1

: .301 ( A < - 27.5% f{ajiL;re’s‘per 1000 hou;s.




